Age-adjusted reference ranges for creatinine clearance were determined in 279 women, ages 40-95 years, who were housed in a metabolic research unit and consumed a meat-free diet. Creatinine clearance, but not serum creatinine, declined with age by 0.63 mL/min per 1.73 m2 per year. Serum and urine creatinine concentrations, used to calculate clearances, were analyzed by a kinetic Jaff#{233} procedure. Ina subsetof 100 subjects, fasting serum creatinine values averaged 8.3 ± 5.2 (SD) moI/L higher when measured by the kineticJaff#{233} procedure than by an enzymatic method (creatinine PAP). The Cockcroft-Gault formula for estimating creatinine clearance from serum creatinine in women was validated, and the modification factor for the male equation was determined to be 0.84 (95% confidence interval 0.83-0.86) confirming the suggested 15% correction. A prediction formula derived from this population was similar in accuracy to the Cockcroft-Gault formula. No studies of creatinine clearance in men or women have controlled for the effects of diet, and most have not included supervised urine collections. Creatinine clearance reference ranges have in general been only estimated in females; therefore, we determined reference ranges for creatinine clearance in 279 healthy women who resided in a metabolic research unit and consumed a meat-free diet for 3 days before and during the testing
Indexing Terms: reference inteivai/sex-and age-related effects/gbmerular filtration rate Glomerular filtration rate (GFR) has been described as the most important clinical renal function test to monitor with age (1). The gold standard for GFR has been inulin clearance, as inulin is neither secreted nor absorbed by the kidney tubules; however, it is an impractical test for routine use (2, 3). Creatinine clearance has been generally accepted as a clinically useful measure of GFR despite some limitations (4). Since creatinine is secreted by the proximal tubule, creatinine clearance can exceed inulin clearance by 10-30% when serum creatinine is measured by a "true" creatinine method that does not measure noncreatinine chromogens (1, 5). This error is potentially offset when serum creatinine is analyzed with a "total" chromogen method (1, 3). The accuracy of creatinine clearance is also influenced by the completeness of timed urine collections (6), the amount of meat in the diet and the method of cooking (7, 8) , the within-subject and analytical variability (3), strenuous exercise, and stress (9 
Materials and Methods
The 280 healthy ambulatory women who participated in this study were recruited from the Boston area and ranged in age from 40 
Premenopausal
women were admitted immediately after the cessation of their last menses.
Subjects spent 1.5 days and 2 nights in the Metabolic Research Unit at the USDA Human Nutrition Research Center on Aging at Tufts University.
The first evening meal and the subsequent three meals were meat free and subjects were requested to eat no cooked meats 3 days prior to admission.
Subjects were advised by Human Nutrition
Research
Center dieticians on alternative sources of dietary protein. Because of their diuretic effects, no tea or coffee was allowed immediately prior to or during the testing period. Caffeine-free soft drinks were allowed. For the subject to be fully hydrated, water was consumed (orally) at 10-15 mL1/kg of body weight. On the second day of the study, blood was drawn at 0800 after an overnight fast and again at 2000. A 24-h urine collection was started at 0800 and completed the next morning. Specimens were stored at -20#{176}C until values. Except for the group >80 years (six subjects), the ranges for corrected and uncorrected creatinine clearances were very similar. To convert serum creatinine values analyzed with enzymatic methods to comparable Jaff#{233} values so that these reference ranges could be applied, we analyzed 100 fasting serum specimens by both methods (Fig. 1 ). There was a significant correlation (r = 0.80) between the kinetic Jaff#{233} (y) and creatinine PAP (x) methods (P = O.0001,y = 0.85x + 17.9 moI/L), and the Jaffe results averaged 8.3 ± 5.2 (SD) .&mol/L (0.94 ± 0.59 mg'L) higher (P = 0.0001) than the corresponding creatinine PAP values. The relation between creatinine clearance corrected for body surface area and age in this cohort of women is shown in Fig. 2 . Creatinine clearance significantly declined at a rate of 0.63 ml51min per 1.73 m2 per year (P <0.0001) from ages 40 to 95. Unlike creatinine clearance, serum creatinine did not change with age in women between the fifth and tenth decades (Fig. 3) . (Fig. 4) There was a significant mean difference of 12.8 ± 15.5 mL/min (P <0.001) between the estimated and measured clearances with the formula for men; however, that difference was eliminated (-1.2 ± 13.3, P = 0.13) when the 15% correction factor for women was applied. By using least-squares regression analysis through the origin, the correction factor for the Cockcroft-Gault (21) formula for men that was required to adjust the formula for application in women was determined to be 0.84 (95% confidence interval, 0.83-0.86).
With the 15% correction factor, the formula estimate tended to slightly underestimate the true clearance for values <70 mL/min and slightly over- A subset of 100 lastIng serum specimens from 279 women was analyzed by both methods. The solid linerepresents the linear regression line(y = 0.85 x + 17.9 tmol/L), and the dotted line,the lineof identity. 
Discussion
Reference ranges for creatinmne clearance, both uncorrected and corrected for body surface area, were determined in 279 healthy women, ages 40 to 95 years. The women were housed in a metabolic research unit for the duration of the study, thus keeping variability in creatmine excretion due to incomplete urine collections to a minimum.
In addition, subjects were not allowed to exercise prior to or during the study and premenopausal women started the study immediately after the cessation of their last menses, thereby eliminating potential variability from those factors (10). Coffee, tea, and drugs affecting GFR were also avoided. The effect of cooked meat on creatinine clearance was controlled in this study as well, with no intake of meat by the subjects during or 3 days prior to the study period. One hundred grams of meat contain 20-40 mg of creatinine and 350-500 mg of creatine, of which 18-65% will be converted to creatinine after cooking (3, 7). The diurnal variation of serum creatinine, which peaks in the afternoon (29), may be due to meat intake (7). Reports of changes in creatinine clearance in response to intakes of cooked meat have ranged from no effect (8, 30) , attributed to the proportional increases in serum and urine creatinine (8), to increases of up to 50% (31, 32), with clearances 63% higher in meat eaters as compared with vegetarians (33). A daytime serum creatinine obtained after a cooked meat meal may underestimate creatinine clearance, whereas a cooked meat meal during the 24-h urine collection related to a fasting serum creatinine would overestimate it (8). Thus it has been suggested that cooked meats be substantially avoided during the clearance evaluation period (8, 31). Serum and urine creatinines were measured in this study by the kinetic Jaff#{233} method, which was the method most commonly used by laboratories participating in the College of American Pathologist's chemistry survey in 1982-83 (34) . Despite the elimination of interference of noncreatinine chromogens with enzymatic methods, use of these methods in the clinical laboratory has been limited because of the difficulty in adapting them to some automated instruments.
A subset of samples from this study was analyzed with an enzymatic method (creatinine PAP) to determine whether there were differences in the methods and if so, to formulate an equation to convert the enzymatic results to a kinetic Jaffe result to utilize the reference ranges generated in this study. Lott and Hayton (19) have suggested, however, that correction for methodology is unnecessary. In our comparison, the modified Jaff#{233} values were an average of 8. It is useful to be able to determine creatinine clearance without the need for urine collections, which are inconvenient to obtain, often inaccurate, and prevent timely determinations of drug dosages. In addition, the within-subject variability in creatinine excretion has been reported to range from 3% to 14%, irrespective of collection and analytical errors (40). Therefore, a number of formulas and nomograms have been developed that are all minimally based on serum creatinine. The principle behind these estimates is that creatinine excretion is constant and equal to creatinine production, which is proportional to muscle mass and can be predicted from age and weight (3). Differences in body composition between men and women also influence these estimates.
The Cockcroft,-Gault formula, which was generated from data in men, is most commonly used because of its simplicity and inclusion of age and weight, which vary with creatinine clearance (19). The developers of this formula suggested a correction factor of 15% for women because of women's lower muscle mass, which they determined from a review of available literature (21). Thus, the Cockcroft-Gault formula was evaluated in this cohort of women in relation to measured clearances and to the validity of the 15% correction factor.
The majority of studies evaluating the CockcroftGault formula have looked at small numbers of older subjects, the population for which these formulas are potentially the most useful (22-25, 41, 42 at low values (42). The direction is obviously dependent upon the ages and disease states of the subjects studied. The formula estimates are unacceptable in situations of muscle wasting, obesity, or edema, and when serum creatinine is not in a steady state (3); however, there is no consensus of whether this formula is accurate enough for clinical use, especially in the elderly (42). Cockcroft and Gault have pointed out that the average prediction error of their formula is no greater than the variability in paired clearances, which they attribute to biological variation and errors in urine collection and analysis of creatinine (21). The variability in some of the correlations between the measured and formula estimates may be due to the proposed correction factor for women. The correction factor has been described as both necessary (23) and unnecessary (20, 22, 24, 25), and several attempts have been made to determine the appropriate factor (26, 44). We determined here that the correction factor for women should be 0.84 (95% confidence interval, 0.83-0.86), which thus validates the assumption a 15% correction made by Cockcroft and Gault (21). Additional evidence for the appropriateness of the correction factor is the similarity between the published formula and the formula derived from the data presented here from 279 healthy women.
In summary, age-adjusted reference ranges for creatinine clearance were determined in healthy women over age 40 by controlling for factors, primarily diet, that affect the variability of creatinine clearance. A formula was generated to convert serum creatinine values measured with an enzymatic method (creatinine PAP) to the generally higher kinetic Jaffe values, to apply these ranges. There was a progressive decline of creatinine clearance with age in this cross-sectional study, as has been previously seen (1, 13, 16, 17, 39) , and the Cockcroft-Gault formula with a correction factor of 15% for women was validated as an accurate estimate of creatmine clearance in healthy women.
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